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Overcoming Visibility Issues in a Small-to-Medium Retailer
Using Automatic Identification and Data Capture
Technology: An Evolutionary Approach
Abstract
The aim of this paper is to review the inventory control practices of a small-to-medium retailer, in order to identify common
challenges these organizations experience with respect to automated data capture (ADC) and the implementation of an enterprise
wide information system. The study explores a single case of a hardware store in a regional town of NSW, Australia. Four semistructured interviews were conducted with employees of a small-to-medium retailer focusing on issues related to inventory control
including: delivery discrepancies, the checking and sorting of orders, locating stock and goods, loss prevention, customer
purchasing and point of sale processing and replenishment. Flowcharts have been used to illustrate the current processes of the
retailer with a view to understanding how ADC technologies like bar code and radio-frequency identification (RFID) may impact the
retailer in a future mode of operation. The findings of the study promote an evolutionary approach towards the use of automated
data capture technology by adopting barcode technology first, and then introducing the complementary RFID technology once basic
benefits have been achieved. The study concludes that automatic identification and data capture (AIDC) technologies can only be
effective if an enterprise is committed to some form of enterprise resource planning which then allows for intra enterprise integration
and internal transparency.

Key words: Automatic Identification and Data Capture (AIDC), Barcode, Radio-Frequency Identification (RFID),
Inventory Control, Small-to-Medium Retailer

1 Introduction
The aim of this paper is to review the inventory control practices of a small-to-medium retailer and to show how
automatic identification and data capture (AIDC) technology can overcome operational challenges. Inventory control
is the activity that organizes the availability of products to customers through the coordination of the purchasing,
manufacturing and distribution functions (Wild, 1997). The aim of inventory control is to maximize customer service,
profit and efficiency of purchasing and production, whilst at the same time minimizing inventory investment. Inventory
control practices are significant to all organizations, especially small-to-medium retail enterprises that are more
susceptible to inventory control issues (Gunasekaran, Forker, & Kobu, 2000; Zipkin, 2000). Traditionally, to improve
inventory control organizations have semi-automated their processes through the implementation of barcode
systems. The implementation of barcode technology has translated into operational improvements in the form of
superior data accuracy, efficiency, consistency and inventory and asset management within the organization (Ellram,
Londe, & Weber, 1999; Zebra Technologies, 2007). However, in more recent times the widespread acceptance of
electronic commerce has created a more competitive environment prompting organizations to seek ways to improve
operations through the use of information technology.
RFID is an emerging technology that is yet to be proven in retail organizations. RFID can be defined as an electronic
tagging technology that allows an object, place or person to be automatically identified using an electromagnetic
challenge/response exchange (Want, 2004). Unlike barcodes RFID supports non-line of sight scanning and can
record data in real-time (Jones, Clarke-Hill, Shears, Comfort, & Hillier, 2004; Sarma, 2004). RFID systems can
function well in harsh conditions, dissimilar to barcode systems (Finkenzeller, 2003; Michael & McCathie, 2005). For
these reasons, numerous authors have heralded RFID as a technology with the potential to provide benefits to retail
organizations, especially in relation to inventory control (Garfinkel & Rosenberg, 2005; Heinrich, 2005; Symbol
Technologies, 2004; Tellkamp, Angerer, Fleisch, & Corsten, 2005). Potential benefits aside, technical issues, the
high cost of the technology, lack of standardization and privacy concerns have negatively influenced its uptake,
rendering it impractical for many organizations, especially those that are small-to-medium in size. This paper
examines the inventory control practices of a small-to-medium retailer, as well as discussing the potential for RFID to
improve inventory visibility.

2 Literature Review
2.1

Automatic Identification and Barcoding

Inventory systems are used by organizations to maintain control over their materials and products. Traditionally, to
improve inventory control and inventory systems, organizations have semi-automated their processes through the
implementation of barcode systems. Bar coding is a form of automatic identification that collects data through
keyless entry. The barcode is essentially a binary code that is comprised of a pattern of bars and gaps arranged in a
parallel configuration (Palmer, 1995). The information stored by barcodes is captured in ‘line of sight’ by optical
readers, one barcode at a time. The first bar code system was developed in the United States of America during the
late 1940’s by Sylvania/GTE applied Research Lab. This system was used in the rail industry, aimed at controlling
freight cars. The system utilized a white light optical scanning system to illuminate horizontal bars of reflective red,
white and blue on non-reflecting black background (Collins & Whipple, 1994). Since its inception the barcode has
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been used in many different industries, including the military, health and insurance industries. Commercial use of
the barcode came about during the early 1970’s and became widespread during the 1980’s and 90’s. Barcodes
have become the most pervasive automatic identification technology over the past few decades as they have many
advantages over other technologies. Barcodes are affordable, easy to use and have increased reliability and
accuracy over manual collection techniques and other technologies (McCathie & Michael, 2005). Barcodes have
also become highly standardized, especially in retail where the UPC/EAN standard is used by more than a million
companies in 141 nations. These advantages of barcode technology have translated into operational improvements
in the form of superior data accuracy, efficiency, consistency and inventory and asset management within the
organization (Ellram, Londe, & Weber, 1999).
2.1.1
Recent Trends in Retail Operations and Inventory Control
Over the past decade operations and processes carried out by organizations have changed, which has had
implications for inventory control. For instance, many Japanese firms have been able to operate with lower
inventories than their western equivalents, sparking the trend of keeping inventories as lean as possible (Zipkin,
2000). Practices such as just-in-time (JIT) inventory management and build-to-order (BTO) are outcomes of this new
wave. Wild (1997) and Ellram, Londe and Weber (1999) believe that inventory control and inventory management
have developed rapidly due to the increasing focus on the customer, the more competitive environment and the
wider use of information and communication technology. Zipkin (2000) agrees that advances in technology have
had a major influence on inventory control and that technology-enabled innovations in inventory control have the
potential to restructure entire industries. Organizations are continually seeking ways to develop a competitive
advantage through information technology.

2.2

RFID Technology Basics

RFID can be defined as an electronic tagging technology that allows objects to be automatically identified at a
distance without direct line of sight, using an electromagnetic challenge/response exchange (Want, 2004). An RFID
system primarily consists of RFID tags (transponders) and RFID readers, but can be extended to include antennas,
radio characteristics and the computer network used to connect RFID readers (Finkenzeller, 2003). Figure 1
illustrates the configuration, components and interactions present in an RFID system.

Figure 1: Components of an RFID System
RFID readers contain radio frequency modules that emit pulses of radio energy that are detected by tags and
responded to with information, such as the tag’s serial number. RFID tags are the labels that are attached to the
object to be identified. RFID tags consist of an antenna, a small silicon chip that contains a radio receiver, a radio
modulator, control logic, memory and a power system (Garfinkel & Rosenberg, 2005). RFID tags are classified as
being passive, semi-passive or active based on their composition. Passive tags are the most common tags, solely
powered by the radio frequency signal that is used to transport information, whereas active tags are equipped with
on-board batteries (Nemeth, Toth, & Hartvanyi, 2006). Semi-passive tags are passive tags that have had a battery
added to boost signal range (Angeles, 2005).
2.2.1
Advantages of RFID
The characteristics of RFID technology described previously differentiate them from other automatic identification
technologies. One of the main physical advantages of RFID technology is that tags, unlike barcodes do not require
line of sight to be read and multiple tags can be read simultaneously (Jones, Clarke-Hill, Shears, Comfort, & Hillier,
2004). A field test carried out by UK retailer Marks and Spencer tagged 3.5 million bins and recorded that it took just
3 minutes to read 25 trays when it used to take 17.4 minutes using barcodes, an 83% reduction in reading time for
each bin. Dissimilar to barcodes, RFID systems are not affected by harsh manufacturing environments (Finkenzeller,
2003). RFID systems are unaffected by dust, moisture, oils, coolants, cuttings, gases. In addition to this RFID tags
can operate in extreme temperatures and last for longer periods, in some cases longer than the items they are
attached to (Michael & McCathie, 2005). RFID tags and systems are also characterized by having a greater data
density and data quantity than traditional automatic identification technologies in the form of barcodes. This allows
RFID tags to carry unique serial numbers more easily than a barcode, which would require a long symbol or a twodimensional variant, which is difficult to scan and fit into available space. A final major advantage of RFID systems is
that they capture data in real time. Capturing data in real time allows organizations to improve data quality, as the
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information captured is more timely and accurate. All these advantages detailed have the potential to improve
operations within organizations, like retailers.
2.2.2
Challenges of RFID
Studies and literature reveal that due to RFID’s novelty in commercial and manufacturing applications, a number of
challenges have created concerns about the feasibility of its implementation. The majority of problems that have
been encountered when implementing RFID are technical and hardware issues (Albano & Engels, 2002). Issues
have been raised such as the reliability of RFID tag reads. It has been discovered that when a tag is oriented
perpendicular to a reader it is difficult to read it. Michael and McCathie (2005) state that radio waves can be
absorbed by moisture in the immediate environment. Radio waves can be hidden, distorted or reflected by metal
and the noise from electric motors and that fluorescent lights can also interfere with RFID communications. In the
past the cost of RFID technology has had an impact on its uptake as tags were considered to be too expensive,
especially for item-level tagging. However the cost per tag continues to fall. The absence of global standards is
another major problem of RFID as they are still developing through the formation of the EPC global network. To date
systems have utilized multiple standards restricting interoperability (Lefebvre, Lefebvre, Bendavid, Wamba, & Boeck,
2006). Organizations that implement RFID systems must also review the information technology infrastructure they
have in place, as a copious amount of real-time data is captured by these systems. The final challenge of RFID
relates to privacy concerns. As RFID is used to track items, privacy activists are concerned about the use of
technology on retail items such as clothes which could allow retailers to send and receive information after items
have been purchased. Privacy concerns, like all the other issues identified in this section, require more attention for
RFID to become widespread in the commercial and manufacturing industries.

2.3

RFID and Inventory Control

According to Viale (1996), “[i]nventory is a very expensive asset that can be replaced with a less expensive asset
called ‘information’. In order to do this, the information must be timely, accurate, reliable, and consistent. When this
happens you carry less inventory, reduce cost and get products to customers faster.” RFID’s ability to provide realtime information can help provide retailers with the ‘timely, accurate and reliable and consistent’ information. This in
turn helps organizations adjust to changes in business operations by moving from a push to a pull model, where
inventory is pulled from the supply chain by customer activity. Mills-Harris, Soylemezoglu and Saygin (2005) observe
that the “management of inventory should be robust yet sensitive to change with respect to varying demand patterns”.
Herein are the touted benefits of RFID- the promotion of tighter controls of the supply chain and inventory
management resulting in attendant cost savings, reduced labor costs, customer service improvements, shrinkage
reduction, an improved replenishment process and clearer targeting of customers and tracking of their purchasing
behavior (Bhuptani & Moradpour, 2005; Fleisch & Tellkamp, 2003).
To date there has been substantial literature published examining RFID’s impact on supply chain management, but
scant literature exists documenting its impact on inventory control. A paper by Kärkkäinen (2003) found that RFID
can provide significant benefits to an organization without supplier participation, based on an RFID trial at a major
grocery retailer. However this paper was primarily concerned with increasing efficiency in the supply chain. Similarly,
Albano and Engels (2002) and Bendavid, Wamba and Lefebvre. (2006) have used practical trials to emphasize the
benefits that RFID has for inventory control when implemented into the supply chain. Lee, Cheng and Leung (2004)
use a simulation model and subsequent quantitative analysis to gauge supply chain performance. The paper reveals
that RFID technology can improve inventory accuracy, shelf replenishment policy and inventory visibility, but its
primary focus regards the supply chain like other papers previously mentioned. Likewise, Fleisch and Tellkamp
(2003) use a simulation model to quantitatively analyze supply chain performance. Angeles (2005), Chuang and
Shaw (2005) and Nemeth, Toth and Hartvanyi (2006) also investigate the impact of RFID in the supply chain but
through less practical methods. Angeles (2005) outlines the main aspects of the technology and draws on example
RFID implementation cases. Chuang and Shaw (2005) also identify the impact RFID has on the supply chain by
considering current implementation cases using the role playing simulation game (Beer Game). However the findings
of this study are more relevant to suppliers not retailers. Nemeth, Toth and Hartvanyi (2006) simply describe the
benefits of RFID and its use in the supply chain.
All the papers discussed in this section are focused on RFID’s impact on the supply chain. The only papers found
specifically related to RFID and inventory control are aimed at detailed technical issues. A paper by Hu, Sundara,
Chorma and Srinivasan (2005) consider the use of a bitmap data type to support RFID item tracking, while a paper
by Abraham, Ahuja, Ghosh and Pakanati (2002) presents the pros and cons of four different collision resolution
protocols used by RFID-enabled inventory control systems.

2.4

RFID and Small-to-Medium Retailers

Small-to-medium retailers employ more than 5 and less than 200 people and are responsible for a significant
proportion of the working population (ABS, 2002). Small retailers are characterized by little job specialization where
the store owner is generally responsible for overall management and merchandising tasks. This characteristic of
small-to-medium retailers has an impact on the level of formalization present in these organization’s processes and
operations. According to Gunasekaran, Forker and Kobu (2000) small-to-medium enterprises, especially retailers
have problems with unreliable inventory control systems, with poor stock tracing and cost control. These problems
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eventually lead to excess obsolete stock and eroding customer service levels (Gunasekaran, Forker, & Kobu, 2000).
RFID is a technology that could potentially improve inventory control within small-to-medium retailers. However there
is currently limited literature relating to RFID implementation in small-to-medium enterprises. Kärkkäinen (2003) and
Jones, Clarke-Hill, Shears, Comfort, and Hillier (2004) document RFID trials and implementations that have been
carried out in large established organizations. The implications RFID has for large retail organizations and their
supply chains is demonstrated in a research study by Lefebvre, Lefebvre, Bendavid, Wamba, and Boeck (2006)
when they write:
“[t]he retail giant stands to save substantial amounts from supply chain optimization, Just-in-Time
deliveries and the elimination of stock-outs since it will know exactly where all products are throughout
its entire supply chain and could theoretically track any product from its supplier’s supplier’s location.”
However, small-to-medium retailers are fundamentally different to larger established retailers and the effect RFID
has on these organizations has not been widely studied. Studying the impact that RFID has on inventory control in a
small-to-medium retailer is more relevant than examining the technology’s impact on the supply chains of these
organizations, as small-to-medium retailers do not possess the bargaining power that larger established retailers
have over their suppliers. This paper analyzes the inventory control practices of a single small-to-medium retailer
and assesses whether the implementation of barcode and RFID can be beneficial to the inventory control practices
of these types of organizations.

3 Methodology
The research study documented in this paper involves a case study examining a single small-to-medium retailer. A
case study method has been employed as it is ideal for investigating contemporary events and is able to take into
account a wide variety of evidence (Yin, 1994). For this study data has been gathered through the collection of
procedural documents, semi-structured interviews and a participant observation. This paper presents the data
collected from the semi-structured interviews conducted with employees of the organization, as well as revealing the
business process flows (through flowcharts) of the organization in order to determine whether RFID is a feasible
automated data capture technology for small-to-medium retailers. An observational study was also conducted over a
period of two weeks in 2007. A daily diary was kept by the participant and this data was analyzed together with fulllength transcripts. A single small-to-medium hardware retailer is focused on in this paper in order to analyze and
present inventory control practices.

3.1

Case Study

3.1.1 Background
The organization examined in this study is located on the south coast of New South Wales, approximately 128
kilometers from the centre of Sydney. The company employs ten staff including casuals and is classified as a smallto-medium hardware retailer. The current proprietors have operated the business since 2003.
3.1.2 Physical Layout
The premises of the retailer measures approximately 2000 square meters, with about 550 square meters of this area
making up the internal shop floor. The shop floor is composed of four sheds, each with independent access. There
are two small internal offices, one designed to deal with customer purchasing and Point of Sale (POS) transactions
while the other is used by managers and bookkeepers for ordering, accounting and other administrative practices.
The external perimeter of the organization is surrounded by an eight foot high barbed wire fence. Figure 2 shows the
organization’s physical layout.
3.1.3 Stock and Inventory
The retailer currently possesses between $300,000 to $400,000 worth of inventory which is kept on the premises.
The inventory held by the organization is estimated to consist of 5000 products lines, which are provided by 110
active suppliers. Products and other inventory are stored or displayed before purchase inside the store or outside
within the confines of the premises. Items and stock within the store are positioned based on the type of product as
well as the supplier. Most items kept inside the store are also shelved on racks that measure 2.1m in height. The
shop floor is divided into five separate areas that include general hardware, timber, gardening, cement and building
supplies. Products stored outside are generally unaffected by environmental and weather conditions such as
landscaping supplies, cement blocks, treated pine sleepers and sheets of steel reinforcing. Stock is usually delivered
to the store packaged at pallet, crate, carton or item level.
3.1.4 Services
The retailer provides many services to its customers primarily through the selling of hardware and other building
related supplies. The organization provides a delivery service to its customers if they purchase products that are too
large to be transported or products that they wish to be delivered on a certain day. Products are delivered to
customers in one of the three vehicles the organization owns. A flat top truck is used for steel deliveries, a tip truck is
used for landscaping supplies and a utility vehicle is used for general deliveries. The organization also has a frontend loader that it uses to load landscaping supplies on vehicles. The organization offers accounts for customers that
purchase products frequently.
5

3.1.5 Information Technology (IT) Infrastructure
The retailer currently has limited Information Technology (IT) infrastructure and does not utilize a server, as the
current operations of the business do not require a large volume storage device. The organization utilizes two
desktop computers in their administration office that are primarily used to manage customer accounts through the
software package MYOB Premier Version 10. At the end of each month, the organization uses the MYOB software
to generate invoices which are sent out to account holding customers, requesting that they pay for the items they
have purchased. The organization has another desktop computer which is used by employees to search a program
that acts as an index of paint colors provided by different paint suppliers. All computers within the organization are
able to access the Internet.

6

Figure 2: The Physical Layout of the Retailer’s Premises
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3.2

Interviews

3.2.1 Interviewees
Insights into the current inventory control practices at the small-to-medium retailer are based on semi-structured
interviews carried out on four employees of the organization. The roles and duties of these employees are
documented in Table 1.
Table 1: Employee Roles and Duties
ID
1

2

Job Title
Proprietor/Manager

3

Proprietor/Part-Time
Manager
Store Manager

4

Delivery Truck Driver

Duties
Stock replenishment, capital purchasing, staff
management, delivery scheduling, customer
service
Stock replenishment, staff management, delivery
scheduling, delivery truck driver, customer service
Stock control and replenishment (for some of the
stock), customer service, staff management, shop
maintenance
Stock delivery, stock control and replenishment
(for some of the stock), customer service

As can be seen from Table 1, employees of the organization have minimal job specialization, which reinforces
Diamond and Pintel’s (1996) observations of small businesses. The proprietor/manager and proprietor/part-time
manager are responsible for the overall running of the business whereas the store manager is specifically
responsible for shop maintenance and management. The delivery truck driver is primarily responsible for making
outbound deliveries. The store manager and delivery truck driver are answerable to both of the proprietor/managers.
3.2.2
Interview Questions and the Inventory Cycle
Inventory control as defined by Wild (1997) involves “coordinating the purchasing, manufacturing and distribution
functions to meet marketing needs”. Coordinating these functions requires many discrete activities including ordering
stock or materials and shelving or putting it in the correct position so that customer’s have access to it. In this section,
the inventory control process has been broken down so that the inventory practices of the small-to-medium retailer
can be explored in greater detail. Figure 3 illustrates the Inventory Cycle. It should be noted that Tersine’s (1998, p.
21) Inventory Flow Cycle is focused on the flow of raw materials to their finished state, while this inventory control
cycle has been developed based on a retailer that sells finished goods.

Figure 3: The Inventory Cycle
As can be seen in Figure 3, customer demand triggers the ordering or re-ordering of stock. Stock then arrives at the
retailer, where it is checked and sorted before being shelved in the correct position. Stock is then purchased by a
customer and delivered by the retailer if necessary.
8

The inventory cycle demonstrated in Figure 3 was considered when developing questions for the semi-structured
interviews. The majority of the questions asked related to the six different processes that were identified in the
inventory control cycle. There were a total of twenty-eight questions included in the original semi-structured interview
protocol but additional probing sub-questions were asked where the respondent was able to expand their response
due to their knowledge of operations. The questions covered the background of the company case, the role of the
employee in the organization, questions related to the current mode of operation to gauge the current inventory
control practices and set-up, and more speculative questions regarding the transition of the organization from a
manual-based system to barcode and/or RFID. For instance the proprietor was asked:
1. Can you describe the process that you use to check that orders have been delivered with the correct
contents?
2. Do you keep any sort of record of how much stock you carry, either in physical or electronic form?
3. How would you describe the theft prevention measures in your workplace?
4. What triggers your organization to reorder or order stock?
5. Are there any issues affecting your adoption of automated data capture technology?
6. Do you think that RFID could be used within your business to improve inventory control?
The interview transcripts were analyzed using a qualitative approach and the findings were presented using a
modular narrative style based on the steps in the inventory control cycle. The following sections summarize the
findings of the semi-structured interviews.

3.3

Participant Observation

A participant observation requires the researcher to become a direct participant in the social process being studied,
by becoming a member of an organization. The participant observation was carried out over a two week period with
the intention of recording observations relating to the inventory control practices used within the small-to-medium
retailer. This study utilizes an overt participant observation as members of the organization were already aware of
the researcher’s presence due to interviews being carried out at an earlier date. The overt approach was perceived
to have had minimal influence on the behavior of the organization’s members as they were informed that the purpose
of the study was to examine inventory control practices of the retailer, not their personal behaviors. During the
participant observation annotations and issues were documented through the use of a diary. Field notes were
recorded during each day, and were formalized at the end of the day.

3.4

Procedural Documentation

The small-to-medium retailer’s procedural documents were used to complement the semi-structured interviews and
participant observation. Documentary secondary data, such as an organization’s communications, notes, and other
policy and procedural documents have been examined. Knight (2002, p. 104) states that official documents, like
procedural documents can be treated as unproblematic statements of how things are or were. The procedural
documents have been used as evidence to support the determination of the inventory control practices of the smallto-medium retailer. The interviews conducted, participant observation and the collection of procedural documents
were combined to develop the business process flows of the organization. A narrative presentation is used to bring
together participant observational data and interviewee responses.

4 Current Inventory Issues
4.1

Delivery Discrepancies, Checking and Sorting Orders

Managing delivery discrepancies and checking and sorting orders is an initial inventory control process that occurs
when stock is delivered to an organization. Delivery discrepancies refer to deliveries or orders that have been
received with incorrect contents, with either the wrong type or amount of stock being delivered than was originally
requested. The checking and sorting of orders or deliveries is carried out as a delivery arrives to determine if a
delivery has been populated correctly. It was determined, based on the results of the interviews that the small-tomedium retailer receives incorrect deliveries on a weekly basis. The store manager estimated that every third order
that would come into the hardware store was incorrect, and that “quite often” it would happen “all the time”. Despite
the store manager’s claims there are no exact figures on how many deliveries are made incorrectly as there is no
monitoring of this within the organization. The lack of monitoring was mirrored by inconsistencies in the frequencies
of incorrect deliveries reported by all interviewees. The process used to check and sort orders and deliveries,
involves obtaining an invoice attached to the goods and then using this invoice to check if all items in the delivery
match the amount and type of product printed on the invoice. If there are any discrepancies with the delivery, such
as incorrect contents or quantities of contents then staff contact the supplier to rectify these issues.
The retailer not only receives deliveries, but also offers a delivery service for customers of its own. Interviewees
stated that incorrect outbound deliveries do not happen very often, but once again the organization does not monitor
how many of these incorrect outbound deliveries occur. It should also be noted that in the past that employees of the
retailer have been informed by customers that deliveries have been made incorrectly, although the organization
maintains otherwise. The store manager stated that the organization could only prove that it has made deliveries
9

correctly through “paper work and hear say”. The proprietor/manager pointed out that an incorrect delivery may take
place once every quarter and that if customers complain or claim a delivery has been made incorrectly, “we (the
business) take the customers word and rectify.”

4.2

Locating Stock and Goods

Locating stock and products is significant to all retailers, especially the small-to-medium retailer due to the
geographical size of the organization’s premises. The proprietor/manager and the store manager affirmed that they
have had trouble locating orders that have been delivered, mainly due to them being put in the wrong place.
Deliveries made to the hardware store generally come in cartons (boxes), pallets and crates, with cartons (boxes)
being the most common form of packaging for deliveries according to the interviewees. It was also confirmed that the
type of packaging can impact how long it takes staff to locate stock. The proprietor/part-time manager stated that
packaging affected identifying individual items within orders, while the store manager was clear that if pallets and
boxes were delivered to the wrong section of the store then they would have difficulties locating the order.
After a delivery has been located it is sorted, priced and placed on the shelves ready for purchase. Interviewees
stated that they not only had trouble locating deliveries but that they also had trouble locating stock once it has been
shelved. According to the store manager and the delivery truck driver the reason for being unable to find stock is that
it has been shelved incorrectly by casual staff. The proprietor/manager believed that a lack of communication
between staff was responsible for being unable to locate stock. Staff also believed that customers misplace stock
around the store regularly, most likely on a daily basis.

4.3

Loss Prevention

Loss prevention refers to reducing inventory cost through operational errors, and both customer and employee theft.
Interviews revealed that the loss prevention measures of the small to medium retailer were almost non-existent
which, according to the interviewees, could be improved by restricting the number of entrances/exits to the shop and
changing the direction of the aisles so that staff could see down them and monitor customers physically. The
interviewees suspect that theft occurs within the store, but have no way to prove it as they cannot remember anyone
being caught for theft. Additionally, there is no way to calculate how much stock the organization holds at any given
point in time. The delivery truck driver commented “[w]ell you don’t know [that theft is occurring], but you just surmise
that there is, my feeling that there’s stuff, just little things walk out the door that you don’t know about.” The
proprietor/part time manager echoed this sentiment, “[w]ell we can never directly tell [that the organization is subject
to theft] really, we’ve had our suspicions that we have.” The proprietor/manager suspects that theft occurs on a
weekly basis and along with other interviewees share the belief that smaller items are the main target of thieves.

4.4

Customer Purchasing and Point of Sale Processing

The small-to-medium hardware store does not have an electronic or automated point of sale system, rather using
manual processes to identify and price items at point of sale. Staff determine the price of items based on the price
tag attached to them or by referencing a price book (an index containing prices for products) for items that do not
have a price tag (Figure 4A). Due to the manual system used by the retailer, employees have experienced some
difficulties in pricing items at point of sale. The store manager stated that the organization held a lot of old stock
dating back to when the shop was managed by the previous owner:
“a lot of times they will bring in an old item which has no price on it and we can’t find a price for it so
we have to ring the company to find out how much those things were two or three years ago and work
out a price from there.”
Other reasons given for not being able to identify and price stock at point of sale included stock being put on the
shelf without being priced, price tags falling off, supplier representative placing stock on the shelf and stock having
two conflicting price tags.
The retailer offers regular customers accounts where the purchases of the account holder are recorded by staff on a
formalized account sheet (Figure 4B). At the end of each day the account sheet is given to a bookkeeper to enter
the details or purchases into the accounting program Mind Your Own Business (MYOB) Premier Version 10. Other
than recording the purchases made by account holders electronically, the organization does not record or hold any
other information about customer purchasing. The proprietor/manager and proprietor/part-time manager agreed that
the business would be able to target customers based on their purchasing preferences if they were able to retain
customer purchasing information.
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Figures 4A and 4B: Sample Product Pricelist and Daily Account Sheets in the Manual-Based System

4.5

Replenishment and Supplier Ordering

Replenishment refers to the process that is used by the organization to ensure that stock and products are available
to customers. The ordering or replenishment process currently employed at the small-to-medium organization
involves physically checking the shelves to see if a particular item of stock is depleted (Figure 5A). The store
manager shed further light on the ordering process by stating “[w]ell on a particular hook we could have one item that
has a maximum and minimum, once it gets to that minimum we then reorder that product if we discover that it’s down,
(it) doesn’t always happen”. The proprietor/manager however stated that a lot of the time that the minimum and
maximum are not used in the ordering process, “that’s pretty much how we do it really just by keeping an eye on the
stock you know physically with your eye [laughs]… and then we make a call if we need to put the purchase in”.
Based on the information provided in the interviews, replenishment seems to be a major issue, revealing that the
organization sells out of some products on a weekly basis, while the majority of orders are made on a monthly basis.
The proprietor/manager and store manager mentioned the cost of freight and its effect on the ordering cycle. The
store manager reflected:
“[s]ometimes we will hold five of one item and a customer will come in and want six… That happens
quite often, almost every month, there’s something like that that happens and it makes it difficult for us
to order in that one item when companies charge us 50 or 60 dollars for freight. So that’s another
reason why we have to wait and put in one order a month or two orders a month for some companies,
just to keep the cost down. Freight is a big problem nowadays.”
As can be seen most of the ordering is carried out fortnightly and monthly, however it was mentioned by the
proprietor/manager that the bulk of stock in the store comes from one supplier, which is ordered and delivered on a
weekly basis (Figure 5B).
In regards to how orders are actually placed by the business currently, it was ascertained that the bulk of orders are
placed via facsimile, so the business has a record of the order in case it is delivered incorrectly. A small number of
suppliers, however will ring and ask whether any stock is required, at which point stock is ordered over the phone if it
is required.
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Figures 5A and 5B: Sample Product-Specific Stocktake Sheet and Replenishment Ordering Sheet

5 Key Challenges of the Small-to-Medium Retailer
Analyzing the inventory control practices of the small-to-medium retailer has revealed that the organization has many
challenges in relation to how stock and products are managed. The memory locator system described by Muller
(2003) is similar to that currently used within the retailer. Memory systems can be used successfully when the
conditions are appropriate but the retailer observed in this study does not exhibit these conditions. Currently the
retailer stocks a wide variety of products, with reasonable stock movement over a large area or shop floor. The
inventory system that has been employed has contributed to the problems that the retailer is encountering. Currently
within the store, the replenishment process could be improved so that it better meets the needs of the customers by
making orders more frequently. Employees are also having difficulties locating stock due to it being shelved
incorrectly and organizational problems such as a lack of communication between employees. The most significant
problem that the organization has is that it does not keep a record of how much inventory it holds. Company-wide
stocktakes are not carried out and neither is purchasing history kept by the proprietors, which prevents the
organization from knowing the current inventory level, which stock is being purchased and how frequently. Not being
able to locate stock efficiently as well as not knowing inventory levels has a negative effect on the organization.
Muller (2003) declares that, “[i]f you cannot control the location of your product or raw material from a physical or
recordkeeping standpoint then your inventory accuracy will suffer”. Figure 6 illustrates the problems experienced by
the organization and presented in the form of a “pain chain” (IBM Learning Services, 2001). The pain chain presents
pains (i.e. challenges) and how they are interlinked. For each pain depicted there may be more than one reason (R)
for that particular challenge, and they are also presented. The pain chain was devised by multiple sources of
evidence including the interviews, the participant observation, and existing procedural documentation.
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Figure 6: The Pain Chain
(R = Reason for the Pain)

6 Comparison of Present Mode of Operation (PMO) and Future Mode
of Operation (FMO)
The purpose of this section is to illustrate the current inventory control processes used by the small-to-medium
retailer and compare these to possible processes used by the retailer if an AIDC system, specifically RFID, was
implemented in the organization. Flowcharts are used to depict the processes as they are valuable for analyzing
inventory control systems and in being used to uncover dysfunctions in these systems. In addition, flowcharts are
easier to comprehend than written procedures and allow a sequence of events to be examined without showing the
interdependence between events (Muller, 2003).
Examining the current inventory control practices of the small-to-medium retailer has revealed that there are four
inventory control processes in place which include, checking incoming orders/deliveries, pricing and identifying stock,
the ordering and replenishment process and outgoing delivery process. The four processes identified are
represented in Figure 7 as part of the current inventory control practices, while Figure 8 illustrates RFID-enabled
versions of the processes. The differences between the current and RFID-enabled processes are discussed in
sections 6.1 through 6.4.
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Figure 7: The Current Inventory Control Practices
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Figure 8: RFID-Enabled Inventory Control Processes

6.1

Checking Incoming Orders and Deliveries

The checking of incoming orders and deliveries process is shown in Figure 7. In this process deliveries are made,
their contents are manually checked against the invoice provided by the supplier before being priced and shelved
ready to be purchased. If a delivery is discovered to have incorrect contents then the manager will fill out a
formalized credit request form to notify the supplier about the discrepancy related to the delivery. The supplier will
then either re-send the correct items or notify the business that they have credit on their account.
The checking of incoming orders and deliveries process shown in Figure 8 is identical to the process illustrated in
Figure 7 except items delivered would have to be RFID tagged instead of labeled with a price tag. The RFID-enabled
process assumes that the new system will allow the retailer to create a credit request electronically and email it to
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the supplier instead of completing this process manually. Based on the process depicted in Figure 8 it is apparent
that if an RFID-based inventory control system was implemented in the small-to-medium retailer, it would have
minimal affect on the checking orders/deliveries process. However if RFID technology was implemented throughout
the supply chain of the retailer, then this process would be a lot more efficient, allowing contents of the delivery to be
checked automatically and registered on the system as items would be already tagged when they are delivered.

6.2

Pricing and Identifying Stock at Point of Sale

Pricing and identifying stock at point of sale is a manual process, involving no form of automated data capture
technology. Products to be purchased are brought to the front counter where staff identify the item by sight and
either obtain the price of the item from its price tag, or if its not marked look the item up in the price book. Customers
will then pay for the purchase by cash, check or through the Electronic Funds Transfer at Point of Sale (EFTPOS)
facilities available. If a customer holds an account then information about the products they purchase, such as
product name, price and quantity are written down on the formalized account sheet by staff. The account holder will
receive a summary of purchases at the end of each month. This process is depicted in Figure 7.
If RFID or any other automatic identification and data capture technology was used in the small-to-medium retailer,
difficulties experienced pricing and identifying items would be eliminated. The RFID tagged item would be brought to
the counter, where staff would scan the item using a handheld barcode/RFID reader and accept payment from the
customer. If the customer held an account then the item would be scanned and purchase details would be added to
their account on the system. The implementation of RFID at point of sale would also help the retailer to effectively
target customers. The RFID system would allow the organization to store information relating to customer purchasing
patterns electronically which could be then used to develop catalogues based on popular products and items that are
being sold frequently.

6.3

Outgoing Delivery Process

The outgoing delivery process shown in Figure 7 begins when a customer informs staff at the hardware store that
they require an item or product to be delivered. The employee taking the order initially fills out a delivery receipt with
information such as the customer’s address, contact details and the description of the product they wish to be
delivered. Once this information is recorded the delivery truck driver will then load all the products onto a truck and
deliver the goods. The delivery receipt is usually only used as a reference for staff of the organization and is not
given to the customer as a receipt or retained after for record keeping purposes after a delivery is made.
The implementation of RFID would have a minimal affect on the velocity of the outgoing deliveries process, rather
formalizing the process and providing an accurate record of products that have been delivered. The small-to-medium
retailer currently does not keep any record of the deliveries it has made and in the past has had customers
complaining that some orders have been delivered with incorrect contents. RFID portals could be implemented at
exit points of the retailer so when items of stock are placed on vehicles and moved through an exit they are
registered on the system as having left the premises (figure 9).

Figure 9: The Retailer’s Utility Vehicle and the Proof of Concept RFID Portal

6.4

Ordering and Replenishment

Like other inventory processes used by the organization, the ordering and replenishment process is simple and is
characterized by a minimal level of automation. The manager usually physically checks shelves and re-orders stock
when quantities are down. An order will usually be made by facsimile, which involves filling out a facsimile cover
sheet and in most cases an order form. The facsimile cover sheet is a document that has been developed by the
organization and the order form is usually provided to the retailer by suppliers. Some orders are made ad-hoc by
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managers if a supplier telephones the business but the majority of orders are made using the process that is
encapsulated in Figure 7.
The ordering and replenishment process described in Figure 7 could be automated and made more accurate through
the use of an RFID system (refer to Figure 8). RFID captures real-time information which could provide an accurate
insight into the inventory levels of the organization in real-time. The managers of the retailer would be able to check
the system in relation to the amount of stock held by the organization, and then automatically generate an order
based on the quantity of items available. The order could then be sent electronically to the supplier. This application
of RFID would have the greatest effect on the small-to-medium retailer as it would provide a level of visibility that the
organization currently does not possess.

7 Critical Response to Future Mode of Operation (FMO)
The small-to-medium retailer explored in this study had minimal visibility and no way of monitoring the amount of
inventory it held due to the manual-based system processes it employed. RFID technology could be used to
automate inventory control within the organization helping to overcome the pains experienced by the organization.
The ability of RFID technology to provide real-time information would be of major benefit. If an RFID system was
implemented then the organization could potentially be provided with an accurate view of how much inventory they
held, what items were being sold and may even helped to reduce the amount of stock carried. Being able to read
more than one tag at a time and not requiring line of sight to identify products are two other characteristics that RFID
possesses which could make it easier to locate stock and carry out stocktakes within the organization. The loss
prevention measures could be enhanced by the implementation of RFID and the replenishment process could be
formalized and automated (Huber & Michael, 2007). The adoption of RFID technology could also aid in streamlining
supply chain operations. SAP AG (2002) and Harrington (2002) state that in order to improve supply chain
management, and inherently improve inventory control, organizations must become adaptive to changes in the
supply chain and customer capabilities by managing the visibility, velocity and variability of information. Managing
visibility refers to the organization being able to sense changes to their supply chain and customer capabilities in
real-time. Managing velocity is the next step to improving supply chain management that relates to organizations
being able to plan and execute in real-time. The final aspect of adaptive supply chain management is managing
variability which allows an organization to respond to change almost instantaneously. The first step to adopting
adaptive supply chain management is significant to this study as it focuses on intra-enterprise integration and
inventory control to facilitate visibility within the organization. The following phase leading to adaptive supply chain
management involves collaborating and sharing information with other supply chain stakeholders. Once an
organization progresses through these stages adaptive supply chain management is adopted where transactional,
operational, and financial data is shared throughout the supply chain to enhance network competitiveness and
optimize network profitability.
Although RFID does have the capacity to be an enabling technology that could transform how organizations operate,
its feasibility must be considered by small-to-medium retailers. Technical and economic issues appear to be the main
barriers preventing the feasible implementation of RFID in the small-to-medium retailer (Huber, Michael, & McCathie,
2006). From a technical perspective RFID requires an information technology infrastructure that can support the
copious amount of real-time data being captured (Jones, Clarke-Hill, Shears, Comfort, & Hillier, 2004). Employees
within the organization must also have a reasonable knowledge of the technology and its system if they wish to
successfully manage an RFID–based system internally. The organization documented in this paper has a basic IT
infrastructure in place, without a server, which would be a minimum requirement if RFID was to be implemented. The
interviews revealed that both the proprietor/manager and proprietor/part-time manager had minimal knowledge in
relation to the technical aspects of a prospective AIDC system. The implementation of RFID technology must also be
considered from an economic perspective. The proprietor/manager and proprietor/part-time manager both identified
cost as being the major issue affecting their adoption of RFID technology. Even if the organization did implement
RFID it would have to be at pallet or carton level as it would be economically unrealistic to tag at the item level as the
cost of an RFID tag would be greater than the retail price of many items stocked.
Based on these reasons it is recommended that the small-to-medium retailer consider an evolutionary approach by
first adopting barcode technology which is relatively simple, ubiquitous and simple to operate with a small-scale
enterprise-wide information system, and then to introduce the complementary RFID technology in the future. The
retailer should only look to invest in RFID once its suppliers begin to adopt the technology so they are able to
experience the full benefits provided by RFID when implemented throughout the supply chain. Moving from manual
inventory control processes to a barcode-based solution is a safer investment for the small-to-medium retailer, which
would help to refine the inventory control processes used in the organization and minimize the technical complexity
and economic burden on the organization. Figure 10 illustrates the evolutionary path that the organization should
take to improve inventory control and to adopt adaptive supply chain management.
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Figure 10: The Evolutionary Path to RFID

7.1

Research and Managerial Implications

There is a lack of empirical trials of RFID for small-to-medium retailers. While market leaders in the retail sector
including, Tesco, McDonald’s and Goodyear are trialing the technology there continues to be little evidence of the
benefits of RFID in small-scale operations (DMD, 2006). There is also a need to test the applicability of RFID in
retailers that stock a variety of metals, liquid substances and other materials such as concrete and timber. While item
level tagging with smart shelves would realize the full potential of RFID, tiny items like nuts and screws would be
cost-prohibitive to tag. Manual-based systems might work but they are labor intensive, time consuming, and errorprone. The question remains whether small-to-medium organizations like that studied in this paper will ever introduce
RFID into their practices although it is without a doubt that barcodes will be introduced. Further research could also
be conducted in studying several small-to-medium retailers and to consider their overall contribution to reducing the
Bull-whip effect, an exaggeration of demand in an upward direction in a supply chain network.
The managerial implications of this paper have to do with an investment decision, not only for an AIDC system but
for an enterprise-wide application such as enterprise resource planning (ERP) that will allow for internal and intra
organizational processes to be automated, such as receiving, picking, and ordering. The online collection of data is
paramount to the success of any business in the longer term. In the future a small-scale ERP would be able to take
advantage of the benefits bestowed by both barcoding and RFID technology.

8 Conclusions
The inventory control issues and challenges experienced by a small-to-medium hardware retailer have been
documented in this paper through the use of semi-structured interviews, participant observation and procedural
documentation. Flowcharts were also utilized to illustrate and compare the manual business processes of the
organization to RFID–enabled processes. Examining the literature has highlighted RFID as a revolutionary
technology possessing significant benefits for inventory control and supply chain management. The literature
portrays small-to-medium retailers as organizations that could benefit from the use RFID technology as they have
experienced problems with inventory control in the past. This paper concludes that RFID can offer significant
improvements for inventory control especially in relation to ordering and replenishment, but organizations must
carefully consider its feasibility before committing to implementation. Small-to-medium retailers must consider the
ability of their information technology infrastructure to handle an RFID-based system and assess whether staff have
the technical aptitude to maintain and operate such a system internally. The organization must also consider the
economic resources they have available to them as an RFID solution is more costly compared to other automated
data capture technologies. For these reasons, it is difficult to foresee the retailer examined in this study moving from
manual processes to an RFID-based system. Barcode technology can be viewed as a short-term alternative to RFID
for this organization, which could overcome the visibility issues that they are experiencing. However the physical
characteristics of RFID differentiate it from barcode technology, as RFID can provide retailers with an enhanced level
of visibility and automation. Unless a technology that captures data in real-time, like RFID is put into practice by
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small-to-medium retailers, the adoption of adaptive supply chain management can be ruled out. This paper proposes
an evolutionary approach to the implementation of automated data capture technologies for small-to-medium
retailers, recommending that organizations incorporate RFID when technical and economic issues are overcome and
once their suppliers begin to adopt the technology as it is perceived that the use of RFID throughout the supply chain
has a more significant Return on Investment (ROI) than its use internally.
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